young Phanerozoic crust (Lambeck and Stephenson, 1986 ). Deformation and significant uplift due to been argued that the eastern highlands represent an ancient remnant of the Paleozoic Lachlan Cenozoic uplift of the highlands would be entirely driven by erosional unloading (Lambeck and 50 Stephenson, 1986; Stephenson and Lambeck, 1985) and the highlands should currently be in regional 51 isostatic equilibrium. In contrast, Czarnota et al. (2014) 
56
Bertelloni and Silver, 1998) and the Ethiopian and East African plateaus (Moucha and Forte, 2011) .
57
These cases all invoke interaction of continental margins with the African superswell, which can 58 account for a single phase of uplift. However, many marginal highlands have experienced more than 59 one uplift event. The Eastern Australian highlands display an initial uplift phase in the Late Table 1 .
167
The Rayleigh number that determines the vigour of convection is defined by
where α is the coefficient of thermal expansivity, ρ the density, g the acceleration of gravity, ΔT the 170 temperature change across the mantle, h M is the depth of the mantle, κ the thermal diffusivity, η the 171 viscosity, and the subscript "0" indicates reference values. Values are listed in Table 2 .
172
The viscosity varies by 1,000 due to temperature-dependence following
where η 0 (r) is a pre-factor defined with respect to the reference viscosity η 0 for four layers (Table 1) listed in Table 2 ). The average model resolution, obtained with ~13 x 10 6 nodes and radial mesh 3. Dynamic surface topography evolution
182
We extract time-dependent surface dynamic topography since 150 Ma from our global coupled
183
plate-mantle forward model. The best-fit Model 1 (Table 1) , based on tectonic model B ( (Fig. 5a ).
200
After 40 Ma a new NNW-SSE-oriented positive topographic surface anomaly appears along 201 northeastern Australia, which gradually sweeps inland and eventually includes the entire eastern
Australian highland region at present-day (Fig. 5a ). In our model this uplift is related to the mid-late The Atherton Tablelands (Fig. 7a) provide an excellent match between river profile inversion and 250 geodynamic models, resulting in continuing uplift at a rate of about 6.5 m Myr -1 since 120 Ma,
251
totaling ~800 m (Fig. 7a) . In the Central Highlands (Fig. 7b) river profile inversion suggests a total 252 amount of ~600 m of uplift, whereas the magnitude of uplift of our preferred Model 1 is overpredicted to be around 900 m. In New England (Fig. 7c) 
256
However, the uplift magnitude matches well at about 800 m for both river profile inversion and 257 geodynamic model (Fig. 7c) . The mismatch in timing may reflect uncertainties in modeled 
266
Model 1 (Fig. 7d) . A distinct phase of post-Eocene uplift is also suggested by a range of geological 
269
The distinct two-phase uplift history for the eastern highlands implied by river profile inversion 
347
Reconstruction A includes a large (~1,000 km width at its maximum extent) Early Cretaceous (140- rates, reflecting the renewed uplift of the eastern highlands due to Australia progressively overriding 
440
The viscosity profile is given by applying a factor to the reference model viscosity (1 x 10 21 Pa s)
441
above 160 km depth (lithosphere), between 160 and 310 km depth (asthenosphere), between 310
442
and 670 km depth (upper mantle) and below 670 km depth (lower mantle) in order to obtain depth-
443
dependent viscosity in addition to temperature-dependent viscosity. 
